rate of metastasis, recurrence, and death between the two. Conclusions: The majority of retinoblastoma patients in our study had advanced disease, and nearly a third had extraocular extension. There were a significant number of therapy refusals and dropouts. Chemoreduction led to a significant decrease in the histopathological risk factors without affecting the outcomes.
and referral to a proper treatment center [2, 4] . Poor socioeconomic conditions and lack of education contribute significantly to the existing problem of partial/incomplete treatment [4] .
The Indian Council of Medical Research (ICMR) has reported a rise in the incidence of retinoblastoma cases in several hospital-based cancer registries in India [5] . As a tertiary care hospital in northern India, we have a dedicated retinoblastoma clinic since 1996 with a multidisciplinary team consisting of ophthalmologists, pediatricians, oncologists, and histopathologists. The aim of the present study is to discuss the epidemiology, demographic profile, clinical characteristics, and outcome of the recommended therapy in patients with retinoblastoma presenting to our center.
Material and Methods
Retinoblastoma clinic files and pediatric hemato-oncology records of patients presenting to the retinoblastoma clinic of the Advanced Eye Centre, Department of Ophthalmology, Postgraduate Institute of Medical Education and Research, India, between January 1st 1998 and December 31st 2014 (16 years), were reviewed. The demographic details of the patients namely age at onset of symptoms, age at presentation, gender, and details of residence (rural/urban) were collected. Patients were classified into rural background based on the criteria by the planning commission of India (defined as a town with a maximum population of 15,000). Disease characteristics such as laterality of the disease, family history, and presenting complaints were noted along with clinical signs including leukocoria, strabismus, and/or proptosis. Staging and treatment details were noted at baseline and at subsequent follow-up visits by detailed color-coded retinal diagrams along with clinical parameters. Repeated attempts were made to contact and trace the patients lost to follow-up, by phone and/or by home visits.
Tumors were classified into intraocular and extraocular category based on clinical presentation, radiological evaluation, and histopathological features. In addition to ocular examination, general physical examination was performed in all cases. International Intraocular Retinoblastoma Classification (IIRC) [6] and International Retinoblastoma Staging System [7] were used for classification. Eyes with bilateral retinoblastoma were grouped according to the eye with the more advanced disease. We re-classified intraocular disease for those presenting before 2006, according to current IIRC classification by reviewing their old examination under anesthesia (EUA) charts and imaging findings. Disease definitions are detailed in Table 1 . For unilateral intraocular disease, group A-C, focal therapies included laser photocoagulation or cryotherapy. With the establishment of newer treatment recommendations for intraocular retinoblastoma [8] , neoadjuvant combination chemotherapy (globe salvage chemotherapy/first-line chemoreduction) was given to all bilateral cases. Amongst all bilateral cases, following chemoreduction, those with advanced intraocular disease (group D and E) underwent enucleation of the worse eye and conservative treatment (radiotherapy, laser photocoagulation or cryotherapy) of the better eye. The better eye was enucleated only if it did not respond to the above treatment methods. For unilateral advanced intraocular disease, enucleation was offered as first line of treatment. In case the patient opted against enucleation, globe salvage was attempted by chemoreduction, and after evaluating the initial response to 2 or 3 cycles of chemotherapy, local therapy (laser photocoagulation or cryotherapy), secondary enucleation, and/or external beam radiotherapy was administered. Adjuvant chemotherapy for 6 cycles was given at 3 weekly intervals to those patients who had histopathological risk factors (HRF). Intravitreal chemotherapy in the form of melphalan was offered to patients after the year 2013 in addition to chemotherapy when they had intraocular retinoblastoma with vitreous seeds [9] . 25 Extraocular disease was treated by 2-3 cycles of chemoreduction followed by secondary enucleation, external beam radiation and adjuvant chemotherapy for an additional 6-10 cycles (to complete 12 cycles of chemotherapy). Metastatic work included hematological investigations, bone marrow aspiration, cerebrospinal fluid analysis, computerized tomography and/or magnetic resonance imaging (MRI) of the brain before the year 2012 and MRI alone after the year 2012, ultrasound abdomen in patients who were clinically group E and onwards.
Two chemotherapy regimens were used: vincristine, cisplatin, etoposide, cyclophosphamide (OPEC) until March 2007, and vincristine, etoposide, carboplatin (VEC) thereafter. OPEC was administered over 55 h, beginning with vincristine (1.5 mg/m 2 ) and cyclophosphamide (600 mg/m 2 ) followed by cisplatin (80 mg/m 2 ) and etoposide (200 mg/m 2 ). It was replaced by VEC regime, which is the current practice. VEC comprises of vincristine (1.5 mg/m 2 ), etoposide (600 mg/m 2 ), and carboplatin (300 mg/m 2 ), all administered on the same day. Histopathology (HP) reports of enucleated eyes were analyzed for HRF predictive of metastasis namely involvement of optic nerve (retrolaminar portion with positive resection limit), choroidal invasion, anterior segment involvement, and scleral and extrascleral involvement. Choroidal invasion was classified as non-massive if <3 mm and massive if ≥ 3 mm in any dimension.
Patients were followed up periodically. Serial monitoring of the tumors was done with ophthalmic ultrasound and examination under anesthesia. At each visit, the size and extent of lesion, regression, or progression was recorded. After completion of therapy, follow-up examination was done every 3 months for the first 2 years to rule out any local recurrence and/or side effects of therapy followed by 4-to 6-monthly examination depending on the initial stage of disease. Recurrence was defined as progression in tumor size/reappearance or new lesion 3 months after completion of primary therapy plus adjuvant therapy. Treatment defaulter was defined as a patient who abandoned treatment midway (dropout). The outcome was defined in terms of globe salvage rate, recurrence, and death.
Statistical Analysis
Statistical analysis was done using the Statistical Package for Social Sciences (SPSS; IBM SPSS Statistics for windows, version 21.0; Armonk, NY, USA). Values were expressed as means ± standard deviation (SD) along with percentages expressed as proportions. Categorical variables were compared using the χ 2 or Fisher's exact test. In cases of bilateral disease, the eye with the higher group was included to analyze the severity of disease. A p value <0.05 was considered statistically significant.
Results
Four hundred and sixty-seven patients (618 eyes) with retinoblastoma presented during the study period. Our data of 467 patients correspond to an average of 29 new cases/year. Retinoblastoma was bilateral in 151 patients (32.3%) and unilateral in 316 (67.6%). Two hundred and fifty (53.5%) patients belonged to rural area, while 217 (46.5%) came from urban areas. A total of 74 patients (12.9%) were "below poverty line" (below poverty line is an economic benchmark and poverty threshold defined by the World Bank as income less than USD 1.25 per day; and in India income less than USD 0.43 in rural areas and about USD 0.53 in urban areas by the economic criteria). Two hundred and eighty-eight boys (61.7%) and 179 girls (38.3%) were affected. Nineteen children (4.0%) had at least one other relative who had been diagnosed with retinoblastoma. Of these, 3 (15.8%) had unilateral disease, while 16 (84.2%) were bilateral. One patient screened for retinopathy of prematurity had bilateral retinoblastoma diagnosed at 1 month of age. None of the patients had history of any other systemic cancer in the family as per records.
Age at Presentation
Mean age at presentation was 34.7 ± 24.6 months (median = 30 months; range 15 days to 144 months). The mean age at presentation in unilateral disease was 36.5 ± 24.0 months (median = 13; range 2-144 months) and 30.9 ± 25.4 months (median = 3; range 15 days to 120 months) in the bilateral group of children. The mean age in the bilateral group was lower than in the unilateral group, but this difference was not statistically significant ( p = 0.342). Delay in presentation from the onset of symptoms/signs was computed for all patients, and was found to be 8.3 ± 13.8 months (range 0-84 months; median = 3 months). Four hundred and sixteen patients (89.0%) were diagnosed in their first 5 years, while 51 (10.9%) presented after 5 years of age. Of the late presenters, the majority were unilateral (74.5%). There was no difference in the gender distribution of the late presenters ( p = 0.065). Four bilateral cases unusually presented between 9 and 10 years of age. The age at presentation of those who were below poverty line (26.4 ± 21.2 months) was comparable to those who were above (22.7 ± 23.3 months) ( p = 0.33). Clinical Features The presenting features of retinoblastoma patients in the study cohort are summarized in Table 2 and the clinical grouping of patients is summarized in Table 3 and Figure 1 . Leukocoria and strabismus were the most common presenting features. There were 11 patients in group A; 46 patients in group B, 10 patients in group C, 28 patients in group D, and 206 patients in group E intraocular disease. Extraocular disease was present in 166 patients. It was interesting to note that 156 (87.2%) females presented with advanced stage as compared to 233 males (81.0%; p = 0.052). Patients who were below poverty line had more extraocular disease at presentation ( n = 38; 40.8%) than those who were not ( n = 86; 22.9%) ( p = 0.024).
Treatment
Three hundred and forty-seven patients (451 eyes; 74.3%) accepted treatment, while 120 patients (25.6%) refused any kind of treatment at presentation. The primary reason for refusal was the taboo of enucleation. Fifteen out of 347 had been treated elsewhere and were subsequently referred to our Institute. The initial and subsequent treatment received by these 347 patients is outlined in Figure 2 . Three hundred and forty-nine eyes out of the 451 eyes needed enucleation, but only 278 underwent treatment. Enucleation acceptance rate was thus 79.7%. Chemoreduction was given to 228 patients, while 23 received adjuvant chemotherapy. OPEC regimen was given to 134, while 117 received VEC regimen. After evaluating the initial response to 2 or 3 cycles of chemotherapy, adjuvant local therapy was administered. All the patients in group D were treated by chemotherapy first, and globe salvage was possible in 17.0%. For extraocular disease, secondary enucleation was done after 2-3 cycles of chemoreduction. The mean time from diagnosis to secondary enucleation was 2.3 ± 0.4 months (range: 6 weeks to 3 months). Seven patients received melphalan and 1 re- Histopathology HP reports were retrievable for 245 eyes out of 278 enucleations (due to the study being retrospective in nature). At least one HRF was found in 31 eyes (17.8%). Twelve eyes had more than one HRF. Retrolaminar optic nerve involvement was present in 22 (70.9%), with a positive nerve resection limit in 8 (25.8%); optic nerve with choroidal invasion was seen in 3 eyes (9.7%), scleral extension in 4 (12.9%), and anterior segment involvement with ciliary body invasion in 1 eye (3.2%). None of the patients had >3 mm choroidal invasion alone.
There were 177 eyes out of these 245 with available HP reports, who had intraocular retinoblastoma, and the rest had extraocular disease. Out of the 177 eyes, 77 eyes had undergone a primary enucleation. In this subset, 16 eyes (20.8%) had HRF. Of the remaining 100 eyes that had undergone a secondary enucleation, 5 (5.0%) had HRF. This difference of HRF in primary versus secondary enucleation in eyes with intraocular disease was found to be highly significant ( p < 0.0004).
Adverse Effects
In the patients who received chemotherapy, a total of 17 adverse events were noted. These included anorexia, nausea, and vomiting in 3; anemia in 11; one each with seizures, neutropenia, and high-grade fever with oral ulcers. Out of these, 6 children (2.4%) developed side effects requiring hospital admission (anemia requiring blood transfusion [3] , seizures [1] , and high-grade fever [1] ).
Outcome
The mean follow-up was 28.5 ± 44.4 months (median = 64 months; range 2-190 months). One hundred and fifty-one patients (43.5%) defaulted during the course of therapy. Out of these, 21 (6.1%) presented again with more advanced disease, whereas 130 (37.4%) were subsequently lost to follow-up. Of those who completed therapy, 151 children (32.2%) were tumor free at 5-year followup. Of the remaining children, 163 (34.9%) were tumor free at the last visit but had still not completed their 5-year follow-up at the end of the study. Some functional vision was retained in 50 (48.1%) eyes of bilateral retinoblastoma patients. Twenty-two (6.4%) had local recurrence of the tumor. Two patients (0.6%) had bony metastasis to the hip and arm, and 1 developed CNS metastasis at an average follow-up of 28.5 months. Thirteen (3.8%) patients died, of which 12 had extraocular disease at presentation. One patient had group E disease but refused primary enucleation and presented again with extraocular disease. The average interval from presentation to death was 4.7 months (range 0-34 months). A bilateral retinoblastoma patient developed second intracranial tumor (fibroblastic meningioma of sphenoid bone) 14 years after radiotherapy. He remains disease free 5 years after surgical excision of the tumor.
The outcome in various subgroups of patients is given in Table 4 , and the difference in outcomes of primary enucleation versus chemoreduction is given in Table 5 . Though chemoreduction led to a significant decrease in the proportion of HRF, there was no significant difference in the outcome of disease in terms of death, recurrence or metastasis whether the patients received primary enucleation or chemoreduction first. All the late presenters ( n = 4) had advanced disease at presentation. Two had bilateral disease with advanced disease in 1 eye requiring enucleation, one of which developed orbital recurrence after enucleation and subsequently was lost to follow-up; the other one remained disease free at the last follow-up. Two out of the late presenters had unilateral disease treated by enucleation.
Discussion
Retinoblastoma is the most common primary intraocular malignancy of childhood. The incidence of retinoblastoma varies across different regions of the world and represents almost 4% of all pediatric malignancies [1, 10] . Approximately 250-300 children are newly diagnosed with retinoblastoma each year in the United States, and substantially higher rates occur in developing countries [1, 10] . Retinoblastoma accounts for 2.5-4% of all childhood cancers in most developed countries, and a 2-to 3-fold higher incidence of tumors of the eye (majority of which are retinoblastoma in children <15 years of age) has been reported in India [1, 11, 12] . India still accounts for nearly one-third of retinoblastoma cases in the AsiaPacific region [13] . There is paucity of literature on epidemiological and clinical profile studies from India, with such large numbers. The present study reports a large number of retinoblastoma patients analyzed for sociodemographics, symptomatology, treatment, and outcome from India. Our study reports a high number of new cases/year from a tertiary center with a large catchment area. The average age at presentation of our patients ( ∼ 35 months) is comparable to the range of 29-33 months in previous reports from India [3, 12, 14] . It is also similar to studies from other medium Human Development Index (HDI) countries like Egypt [15] (36 months) and Mali [16] (50 months). HDI refers to a statistical measure of life expectancy, education, and income per capita used to rank the countries into 4 tiers of human development namely very high/high/medium/poor. In countries with very high HDI, the average age at presentation is earlier with increasing numbers of affected children less than 1 year of age [17, 18] . The advanced age at presentation in our study can be attributed to the fact that nearly 12.9% of the patients belonged to the lower socioeconomic strata and more than 50% were from a rural population. In our study, we found the delay in presentation to be up to 84 months. Since India is also a medium HDI country; lack of education/awareness may have resulted in the time lag between the onset of symptoms and presentation to our center [19] . Most often, the parents bring the child to the hospital only when they notice a white reflex (leukocoria) or when the child is old enough to complain about decreased visual acuity. The age difference between the unilateral and bilateral groups of patients in our study is also similar in most of the studies from developing countries. This difference is not only because of the fact that heritable retinoblastoma is usually bilateral with a lower age of presentation but also because of the above-mentioned medico-social factors [19] .
Our study shows a male predominance (62%), which is similar to the gender distribution shown in reports from Mexico [10] (52.4%), Mali [16] (54.5%), Egypt [17] (60.25), and Jordan [18] (70.0%). There is a definite regional bias in studies from our country as males were generally preferred for treatment in earlier studies as well [3] . Being a tertiary care center, we largely get referrals of children from local hospitals, and it is alarming to note that health problems in female children are often ignored and undetected [20, 21] .
Family history of retinoblastoma was present in 19 patients (4.09%), and this figure is comparable to 6.67% in Singapore [22] and 4.8% in Iran [23] . Eleven percent of patients were aged more than 5 years at presentation, which is higher than 3.5% reported from Brazil [17] . Gunalp et al. [24] in their study on a Turkish population reported that diagnosis at older age is a common finding in developing countries.
The same factors can be associated with a high incidence of local orbital spread and metastasis at presentation in our study (30.2%), comparable to other studies from our country [3] and a figure much higher than in Western countries [25] , where this figure drops to 10%. None of our patients presented with retinoblastoma IIRC group A-C alone. Those with IIRC group D and E were incidentally detected with a lower group in the other eye. Advanced disease at presentation was seen in 77.8% of our patients. These children, along with those presenting with extraocular (27.0%) disease at presentation, require complex and multimodal treatment. Radiotherapy and chemotherapy to salvage the globe in advanced cases predispose these children to poor survival and to secondary cancers [26] . A high proportion of ad- 30 vanced disease at presentation was seen in previous studies from India [3, 27] as well as the rest of the developing world [28, 29] . However, these figures are in contrast to the Western world [26, 30, 31] , where the incidence of extraocular disease has been reported to be less than 5%.
In this study, only 17.8% had HRF in eyes that were affected by intraocular disease. There was a statistically significant difference in the HRF in primary versus secondary enucleation in intraocular retinoblastoma. The chemoreduction protocol could have been responsible for pathological downstaging of tumor as suggested by Zhao et al. [32] . Overall, HRF in postchemotherapy-reduced eyes were found in 10.1% (27/228) in our study, which is much lower than 51.9% reported by Suryawanshi et al. [33] . This gross difference is due to the inclusion of vitreous seeds in 44.2% as HRF and consideration of even extraocular cases for the study of HRF. In another study by Brennan et al. [34] , the HRF were comparable in eyes undergoing primary and secondary enucleation, and the authors advocated prompt enucleation in advanced disease. Although the hypothesis that chemoreduction helps in downgrading the tumor grade is supported by our study figures, Zhao et al. [32] believe that this downstaging of pathological features by chemotherapy is associated with risk for extraocular extension being missed and less vigilant follow-up subsequently leading to high rates of metastasis and death. In a clinical scenario like ours, most of the patients presented with an advanced disease. Primary enucleation would be extremely difficult in an advanced disease and surgical maneuvers may lead to dissemination of the disease. Chemoreduction of the tumor makes surgical removal easier and feasible. It is important to note that we enucleate after giving 2-3 cycles of chemotherapy and do not wait until the completion of 6 cycles in patients who have advanced disease as in the above-mentioned study [32] . The authors also showed high risk of metastasis and orbital recurrences in case the systemic chemotherapy exceeded 3 months versus primary enucleation. In our study, the time period from the presentation to enucleation did not exceed 3 months in any patient undergoing secondary enucleation. We also give a chance of globe salvage to patients of bilateral retinoblastoma by chemoreduction, as evidenced by a 17.0% globe salvage rate in group D patients who would have otherwise required enucleation in our cohort. There was no significant difference in outcome in terms of recurrence, metastasis, and death if patients received chemoreduction first. The relatively higher but nonsignificant rates of death and metastasis in the group receiving chemoreduction are largely due to the fact that these patients had advanced disease to begin with, which per se increases the risk of metastasis and death. The results of our study are in accordance with the results of Berry et al. [35] that globe salvage therapy with systemic chemoreduction and subsequent enucleation for poor response does not increase the risk of metastatic disease or orbital recurrence. Larger future prospective trials will shed more light on this issue before guidelines are laid down.
Enucleation acceptance rate in our study was 79.6%. In developing countries, enucleation refusal and default rate ranges from 13.7% in Taiwan [36] , 22.0% in Central America [37] , 31.0% in Malaysia [38] , 33.0% in Honduras [39] to 42.0% in Nigeria [40] . Treatment course was often punctuated by dropout and therapy defaulters. High proportions of extraocular disease (27.0%), treatment dropouts (43.5%), therapy defaulters (6.1%), and refusal of initial treatment (25.6%) in our study adversely affect patients' survival.
A significant proportion of children in our population need to be identified at an early stage of the disease and then treated with a timely and complete therapy. In a disease where no definitive genetic heterogeneity has been shown to correlate with outcomes [41] , identification and early treatment form the mainstay for prognosis. Our study results suggest that in a clinical scenario like ours, where most of the disease is advanced at presentation, globe salvage attempt by chemoreduction does not increase the risk of recurrence, metastasis, and death.
Low awareness in rural areas, lack of understanding of the disease, extended family pressure, social taboo of enucleation, seeking alternative (herbal) conservative treatment options, and poor accessibility to health care play a critical role in delayed diagnosis in our population. There are high proportions of extraocular disease, treatment defaulters, and dropouts combined with refusal of initial treatment in our study; typical reasons include low socioeconomic strata, unwillingness for enucleation, and low priority given to the health of female children. The need of the hour is education and awareness among the common masses to reduce dropout in therapy and abandonment. There should be a combined effort from the government, medical practitioners, and social workers, to make the families of retinoblastoma patients understand the need for timely initiation and completion of recommended therapy as well as long-term follow-up.
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